A SOFT ERROR RESISTANT SEMICONDUCTOR MEMORY DEVICE 



FIELD OF THE INVENTION 

The present invention relates to a semiconductor 
5 memory device having a memory cell of SRAM (static random 
access memory) type. More particularly, this invention 
relates to a semiconductor memory device improved in 
resistance to soft error. 

10 BACKGROUND OF THE INVENTION 

As the electronic appliances are becoming lighter, 
thinner and shorter recently, there is also an increasing 
demand for realizing the functions of these appliances at 
high speed. In such electronic appliances, the 

15 microcomputer is indispensable, and memories of large 
capacity and high speed are needed in the microcomputer. 
At the same time, along with the rapid spread and 
sophistication of personal computers, cache memories of 
larger capacity are required for realizing processing at 

20 higher speed. 

As the RAM, generally, the DRAM (dynamic RAM) and SRAM 
have been used, and especially the SRAM is used where high 
speed processing is demanded, such as the cache memory. 
According to its memory cell structure , the SRAM is available 

25 in the high resistance load type composed of four transistors 



and two high resistance elements, and the CMOS type composed 
of six transistors. In particular, the CMOS type SRAM is 
high in reliability because the leak current while holding 
data is very small, and it is in the mainstream at the present . 
5 Fig. 18 is an equivalent circuit diagram of memory 

cell of a conventional CMOS type SRAM. In Fig. 18, a PMOS 
transistor PI (load transistor) and an NMOS transistor Nl 
(drive transistor) compose a first CMOS inverter, and a PMOS 
transistor P2 (load transistor) and an NMOS transistor N2 

10 (drive transistor) compose a second CMOS inverter , and input 
and output terminals are connected complementarily between 
the first and second CMOS inverters. 

That is, a flip-flop circuit is composed of these MOS 
transistors Pi, P2, Nl, and N2, in Fig. 18 and the logic 

15 state can be written and read at a memory node NA which is 
the output point of the first CMOS inverter and also the 
input point of the second CMOS inverter, and a memory node 
NB which is the output point of the second CMOS inverter 
and also the input point of the first CMOS inverter. 

20 Further, NMOS transistors N3 and N4 function as access 

transistors, and the NMOS transistor N3 has its gate 
connected to a word line WL, the source connected to the 
memory node NA, and the drain connected to a positive phase 
bit line BL . The NMOS transistor N4 has its gate connected 

25 to the word line WL, the source connected to the memory node 



NB, and the drain connected to a negative phase bit line 
BLB . 

That is, by selection of word line WL, positive phase 
bit line BL, and negative phase bit line BLB, the memory 
5 value stored in the .memory node NA or NB can be read out. 

Fig. 19 is a layout diagram of SRAM memory cell 
corresponding to the equivalent circuit shown in Fig. 18. 
As shown in Fig. 19, one SRAM memory cell is formed on an 
N-type well region NW and a P-type well region PW formed 

10 on a semiconductor substrate. Further, PMOS transistors 
PI and P2 shown in the equivalent circuit are formed in the 
same N-well region NW, and NMOS transistors Nl to N4 are 
formed in the same P-well region PW. 

The PMOS transistor Pi comprises a source region and 

15 a drain region, which are P+ diffusion regions FL100 and 
FL110 formed by injection of P-type impurity respectively, 
and a gate region formed between the P+ diffusion regions 
FL100 and FL110 and a polysilicon wiring layer PL110. 
Similarly, the PMOS transistor P2 comprises a source region 

20 and a drain region, which are P+ diffusion regions FL100 
and FL120 f ormed by in j ection of P-type impurity respectively, 
and a gate region formed between the P+ diffusion regions 
FL100 and FL120 and a polysilicon wiring layer PL120. That 
is, the PMOS transistors PI and P2 share the P+ diffusion 

25 region FL100 as the source region. 



The NMOS transistor Nl comprises a source region and 
a drain region, which are N+ diffusion regions FL200 and 
FL210 formed by injection of N-type impurity respectively, 
and a gate region formed between the N+ diffusion regions 
5 FL200 and FL210 and a polysilicon wiring layer PL110. 
Similarly, the NMOS transistor N2 comprises a source region 
and a drain region, which are N+ diffusion regions FL200 
and FL22 0 f ormedby inj ection of N- type impurity respectively, 
and a gate region formed between the N+ diffusion regions 
10 FL200 and FL220 and a polysilicon wiring layer PL120. That 
is, the NMOS transistors Nl and N2 share the N+ diffusion 
region FL200 as the source region. 

The NMOS transistor N3 comprises a source region and 
a drain region, which are N+ diffusion regions FL230 and 
15 FL210 formed by injection of N-type impurity respectively, 
and a gate region formed between the N+ diffusion regions 
FL230 and FL210 and a polysilicon wiring layer PL140. That 
is, the NMOS transistors Nl and N3 share the N+ diffusion 
region FL210 as the source region, 
20 The NMOS transistor N4 comprises a source region and 

a drain region, which are N+ diffusion regions FL240 and 
FL220 formed by injection of N-type impurity respectively, 
and a gate region formed between the N+ diffusion regions 
FL240 and FL220 and a polysilicon wiring layer PL130- That 
25 is, the NMOS transistors N2 and N4- share the N+ diffusion 



region FL220 as the source region. 

The polysilicon wiring layer PL 110 functions also as 

the wiring for connecting between the gate regions of the 

PMOS transistor PI and NMOS transistor Nl, and the 
5 polysilicon wiring layer PL120 also functions as the wiring 

for connecting between the gate regions of the PMOS 

transistor P2 and NMOS transistor N2 . 

At least one or more contact holes are formed each 

in the P+ diffusion regions FL10 0, FL110 and FL12 0, N+ 
10 diffusion regions FL200, FL210, FL220, FL230 and FL240, and 

polysilicon wiring layers PL110, PL120, PL130 and PL140. 

In order to realize the connection and composition of the 

equivalent circuit shown in Fig. 18, these contact holes 

are mutually connected through metal or other upper wiring 
15 layers. 

Various structures may be considered for upper wiring 
layers for connecting the contact holes, but for the ease 
of understanding, in Fig. 19, the connecting wiring of 
contact holes is indicated schematically by thick solid lines . 

20 According to Fig. 19, the P+ diffusion region FL110, N+ 
dif fusion region FL210, and polysilicon wiring layer PL120 
are electrically connected through the upper wiring layer 
to compose the memory node NA, and the P+ diffusion region 
FL120, N+ diffusion region FL220, and polysilicon wiring 

25 layer PL110 are electrically connected through the upper 



wiring layer to compose the memory node NB . 

The P+ diffusion region FL100 is connected to a VDD 

line, which is a power source line, through the contact hole 

and upper wiring layer, and the N+ diffusion region FL200 

5 is connected to a GND line, which is a grounding line, through 

the contact hole and upper wiring layer. The N+ diffusion 

regions FL230 and FL240 are electrically connected to the 

positive phase bit line BL and negative phase bit line BLB, 

respectively, through the contact hole and upper wiring layer . 

i 

10 Further, the polysilicon wiring layers PL130 and PL140 are 
electrically connected to the word line WL through the 
contact hole and upper wiring layer . 

A sectional structure of the conventional SRAM memory 
cell is explained. Fig. 20 is a sectional view along line 

15 A-A' in the conventional SRAM memory cell layout in Fig. 
19. In order to form PMOS transistors PI and P2, first, 
the P+ diffusion regions FL100, FL110, and FL120 partitioned 
by an element separation region 10 are formed on an N-well 
region NW. After laminating a thin insulating film 21 

20 between the P+ diffusion regions, by laminating polysilicon 
wiring layers PL110 and PL120 thereon, a gate electrode 
electrically insulated from the N-well region NW is formed. 
Meanwhile, the insulating film 21 between the gate electrode 
and N-well region NW is the gate insulating film of the PMOS 

25 transistor. 



Consequently, an interlayer film 30 is formed so as 
to cover the P+ diffusion regions FL100, FL110 and FL120, 
element separation region 10, and polysilicon wiring layers 
PL110 and PL120, and contact holes 41 are formed to reach 
5 from the top of the interlayer film 30 to the P + diffusion 
regions FL100, FL110 and FL120. Finally, a metal wiring 
51 of aluminum, tungsten, copper or other metal is formed 
to cover the contact holes 41, so that the wirings 
electrically connected to the P+ diffusion regions FL100, 

10 FL110 and FL120 are drawn out. 

Fig. 21 is a sectional view along line B-B 1 in the 
conventional SRAM memory cell layout in Fig. 19. In order 
to form NMOS transistors Nl to N4, first, the N+ diffusion 
regions FL200, FL210, FL220, FL230 and FL240 are formed on 

15 a P-well region PW. After laminating a thin insulating film 
22 between the N+ diffusion regions, by laminating 
polysilicon wiring layers PL110, PL120, PL130 and PL140 
thereon, a gate electrode electrically insulated from the 
P-well region PW is formed. Meanwhile, the insulating film 

20 22 between the gate electrode and P-well region PW is the 
gate insulating film of the NMOS transistor. 

Consequently, an interlayer film 30 is formed so as 
to cover the N+ diffusion regions FL200, FL210, FL220, FL230 
andFL240, and polysilicon wiring layers PL110, PL120, PL130 

25 and PL140, and contact holes 42 are formed to reach from 



the top of the interlayer film 30 to the N+ diffusion regions 
FL200, FL210, FL220, FL230 and FL240. Finally, a metal 
wiring 52 of aluminum, tungsten, copper or other metal is 
formed to cover the contact holes 42, so that the wirings 
5 electrically connected to the N+ diffusion regions FL200, 
FL210, FL220, FL230 and FL240 are drawn out. These NMOS 
transistors Nl to N4 are formed simultaneously with the PMOS 
transistors PI and P2 . 

The operation of the conventional SRAM memory cell 

10 . will now be explained. In the equivalent circuit in Fig. 
18, for example, supposing the memory node NA to be in logic 
level "H" potential state, the memory node NB is stable in 
logic level "L" potential state. To the contrary, when the 
memory node NA is in logic level "L" potential state, the 

15 memory node NB is stable in logic level "H" potential state. 
Thus, the memory cell composed by complementary connection 
of CMOS inverters has two different stable logic states 
depending on whether the two memory nodes NA and NB are in 
"H" state or "L" state, and the logic state is held as storage 

20 data of one bit. 

The semiconductor memory device composed of CMOS 
inverters is very stable and has been free from problem in 
noise resistance so far. However, as the memory cell per 
bit becomes smaller and finer in order to realize a memory 

25 cell array of large capacity by integrating a multiplicity 



of memory cells , data held in the memory nodes may be inverted 
due to electrons generated by alpha-rays released from the 
package or neutron rays from the space, and soft errors are 
becoming serious problems. 

In particular, soft errors are more likely to occur 
as the supply voltage declines, and in the recent 
semiconductor memory devices driven at lower supply voltage, 
it is becoming an important subject to increase resistance 
to soft errors. 

To avoid soft errors, forexample, it has been attempted 
to increase the capacity of memory node and increase the 
critical charge amount necessary for inverting the data held 
in the memory node. According to this method, to invert 
the stored data, it requires a greater quantity of electrons 
generated by alpha-rays or the like, so that the probability 
of occurrence of soft errors may be decreased. 

Herein, to increase the capacity of the memory node, 
it is effective to reduce the thickness of the insulating 
films 21 and 22, or increase the area in the direction of 
principal plane thereof. However, from the viewpoint of 
forming small and thin memory cells , the method of increasing 
the area of insulating film is not recommended, and hence 
it is required to form thin insulating films to increase 
the capacity between the gate and substrate per unit area. 
However, when thin insulating films are formed, new problems 



are caused, such as lack of reliability or increase in leak 

current between the gate and substrate. 

That is, since thin insulating films cannot be formed 

to conform to thin memory cells, the capacity between the 
5 gate and substrate is smaller, and the capacity of the memory 

node of the memory cell cannot be increased, and soft errors 

are likely to occur. 

Further, in order to read and write stored data in 

the memory cell at high speed, the insulation of the 
10 interlayer film 30 is improved, and to decrease the coupling 

capacity occurring between the impurity diffusion region 

and polysilicon wiring layer, a material of low permittivity 

is used as the interlayer film 30 . It means that the coupling 

capacity of the memory nodes NA, NB is decreased, and it 
15 is hence difficult to increase the critical charge amount 

of the memory nodes NA, NB, and soft errors are likely to 

occur . 

SUMMARY OF THE INVENTION 

20 It is an object of this intention to provide a 

semiconductor memory device capable of enhancing the 
resistance to soft errors by forming at least the gate 
insulating film of the load transistors for composing the 
CMOS inverters by using a material of high permittivity so 

25 as to increase the capacity between the gate and substrate- 



The semiconductor memory device according to one 
aspect of this invention comprises a first inverter of which 
output point is a first memory node and input point is a 
second memory node, the first inverter including a first 
5 MOS transistor of a first conductive type; and a second MOS 
transistor of a second conductive type being different from 
the first conductive type. The semiconductor memory device 
also comprises a second inverter of which output point is 
connected to the second memory node and input point is 

10 connected to the first memory node, the second inverter 
including a third MOS transistor of the first conductive 
type; and a fourth MOS transistor of the second conductive 
type- The semiconductor memory device also comprises a 
fifth MOS transistor of the second conductive type of which 

15 drain is connected to the first memory node , source is 
connected to one of a pair of bit lines, and gate is connected 
to a word line; and a sixth MOS transistor of the second 
conductive type of which drain is connected to the second 
memory node, source is connected to other one of the pair 

20 of bit lines, and gate is connected -to the word line. 
Moreover, dielectric constant of a gate insulating film of 
the first and thirdMOS transistors is higher than dielectric 
constant of a gate insulating film of the fifth and sixth 
MOS transistors. 

25 According to the above aspect, in the load transistor 



for composing the transistor memory circuit, by forming the 
gate insulating film of a high permittivity material, the 
capacity of the memory node connected to the gate of the 
load transistor is increased. 
5 The semiconductor memory device according to another 

aspect of this invention comprises plural transistor element 
regions formed in a semiconductor layer within a same chip, 
and a wiring region formed by laminating plural metal wiring 
layers and interlayer films on the top of the transistor 

10 element regions, in which the dielectric constant of a 
specified portion of the interlayer film laminated on the 
transistor element regions is different from the dielectric 
constant of the interlayer film in other area than the 
specified portion. 

15 According to the above aspect, by varying the 

dielectric constant of the specified portion of the 
interlayer film on the transistor element regions, the 
coupling capacity of the interlayer film may be different 
from the coupling capacity of the portion of the interlayer 

20 film other than the specified portion. 

Other objects and features of this invention will 
become apparent from the following description with 
reference to the accompanying drawings. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an equivalent circuit diagram of a 
semiconductor memory device in a first embodiment; 

Fig. 2 is a layout diagram of SRAM memory cell 
5 corresponding to the semiconductor memory device in the first 
embodiment; 

Fig. 3 is a sectional view along line A-A 1 of SRAM 
memory cell corresponding to the semiconductor memory device 
in the first embodiment; 
10 Fig. 4 is an equivalent circuit diagram of a 

semiconductor memory device in a second embodiment; 

Fig. 5 is a layout diagram of SRAM memory cell 
corresponding to the semiconductor memory device in the 
second embodiment; 
15 Fig. 6 is a sectional view along line B-B 1 of SRAM 

memory cell corresponding to the semiconductor memory device 
in the second embodiment; 

Fig. 7 is a layout diagram of SRAM memory cell 
corresponding to a semiconductor memory device in a third 
20 embodiment; 

Fig. 8 is a sectional view along line A-A 1 of SRAM 
memory cell corresponding to the semiconductor memory device 
in the third embodiment; 

Fig. 9 is a sectional view along line C-C 1 of SRAM 
25 memory cell corresponding to the semiconductor memory device 



in the third embodiment; 

Fig. 10 is a layout diagram of SRAM memory cell 
corresponding to a semiconductor memory device in a fourth 
embodiment; 

5 Fig. 11 is a sectional view along line A-A 1 of SRAM 

memory cell corresponding to the semiconductor memory device 
in the fourth embodiment; 

Fig. 12 is a sectional view along line B-B 1 of SRAM 
memory cell corresponding to the semiconductor memory device 
10 in the fourth embodiment; 

Fig. 13 is an equivalent circuit diagram of a 
semiconductor memory device in a fifth embodiment; 

Fig. 14 is a layout diagram of SRAM memory cell 
corresponding to the semiconductor memory device in the fifth 
15 embodiment ; 

Fig. 15 is a sectional view along line A— A 1 of SRAM 
memory cell corresponding to the semiconductor memory device 
in the fifth embodiment; 

Fig. 16 is an equivalent circuit diagram of a 
20 semiconductor memory device in a sixth embodiment; 

Fig. 17 is a layout diagram of 2-port SRAM memory cell 
for composing the semiconductor memory device in the sixth 
embodiment; 

Fig. 18 is an equivalent circuit diagram of a 
25 conventional CMOS type SRAM memory; 



Fig. 19 is a layout diagram of the conventional SRAM 
memory cell; 

Fig. 20 is a sectional view along line A-A 1 of the 
conventional SRAM memory cell; and 
5 Fig. 21 is a sectional view along line B-B 1 of the 

conventional SRAM memory cell . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the semiconductor memory device of the 

10 invention will be described in detail below while referring 
to the drawings. It must be noted, however, that the 
invention is not limited to these embodiments alone. 

To begin with, the semiconductor memory device of a 
first embodiment will be explained. In the semiconductor 

15 memory device of the first embodiment, a high permittivity 
material is used as the gate insulating film in the load 
transistor for composing the SRAM memory cell. 

Fig. 1 is an equivalent circuit diagram of the 
semiconductor memory device in the first embodiment. In 

20 Fig. 1, the parts common to those in Fig- 13 are identified 
with same reference numerals, and their explanation is 
omitted. In the equivalent circuit shown in Fig. 1, what 
differs from Fig. 13 is that the load transistors of PMOS 
transistors PI and P2 are replaced by PMOS transistors Pll 

25 and P12 having the gate insulating film formed of a high 



permittivity material* The other circuit composition is 
same as in the prior art, and the memory operation is also 
same as in the prior art. 

Generally, in a capacitor, when the distance between 
the electrodes of the capacitor is constant, the higher is 
the dielectric constant of the material filling up the gap 
between the electrodes , it is known that the capacity becomes 
larger. That is, in the load transistor, provided the 
thickness of the gate insulating filmis constant, the higher 
is the dielectric constant of the material used in the 
insulating material, the large becomes the capacity between 
the gate and substrate. Hence, when the gate insulating 
film of the PMOS transistors Pll and P12 is made of a high 
permittivity material, if the insulating film is formed in 
a conventional thickness, the capacity between the gates 
of the PMOS transistors Pll and P12 and the substrate can 
be increased as compared with the prior art. 

The dielectric constant of the insulating film formed 
of a general silicon oxide Si0 2 is about 3.8, but materials 
of higher dielectric constant include,- for example, Si 3 N 4 
(dielectric constant 7.5), AI2O3 (dielectric constant 9.34) , 
Ta 2 0 5 (dielectric constant 11 . 6) , Zr0 2 (dielectric constant 
12 . 5) , Hf0 2 (dielectric constant 2 5 to 40) , La 2 0 3 (dielectric 
constant 21) , and Ti0 2 (dielectric constant 85.8) , and such 
high permittivity materials are used as the gate insulating 



f ilmin the first embodiment . Herein, if the gate insulating 
film is sufficiently thin, its capacity can be increased, 
but, to the contrary, the gate leak current may be increased 
or the reliability may be impaired. In this respect, by 
forming the PMOS transistors Pll and P12 by using materials 
of high dielectric constant as the gate insulating film, 
if the film thickness is nearly same as in the prior art, 
the capacity between the gate and substrate can be increased, 
and a high reliability can be obtained while suppressing 
gate leak current. 

On the other hand, in order to accelerate the follow-up 
to on/off changes of selection of memory cell by the word 
line WL, that is, the access speed, the gate insulating film 
of the NMOS transistors N3 and N4 functioning as access 
transistors is formed of a conventional ordinary dielectric 
material of lower dielectric constant than that of the PMOS 
transistors Pll and P12, and the capacity between the gate 
and substrate is suppressed low. Further, the gate 
insulating film of the NMOS transistors N3 and N4 functioning 
as drive transistors is made of a material of low dielectric 
constant. In this circuit composition, while maintaining 
the high speed, the capacity of the memory nodes NA and NB 
is increased, and the resistance to soft errors is increased. 

Fig. 2 is a layout diagram of SRAM memory cell 
corresponding to the equivalent circuit shown in Fig. 1. 



The layout diagram in Fig. 2 is similar to the layout diagram 
in Fig. 19 except that the gate insulating film of the PMOS 
transistors Pll and P12 is made of a high permittivity 
material. In particular, the high permittivity material 
is used in the lower layer area of the portion positioned 
within the N-well region NW, of the composition of the 
polysilicon wiring layers PL110 and PL120 in Fig. 2. 

. To form the gate insulating film, first, an insulating 
film such as a conventional silicon oxide Si0 2 is formed 
in the entire surface of the P-well region PW and N-well 
region NW, and, masking the P-well region PW, the insulating 
film formed on the region El to be formed as the N-well region 
NW is removed by etching. Then, the insulating film of high 
permittivity material is formed only in the region El again . 
The subsequent process is same as in the prior art . Moreover, 
the region for forming the insulating film of high 
permittivity material may be limited only in the region for 
forming the P+ diffusion region in the N-well region NW. 

Fig. 3 is a sectional view along line A-A 1 of SRAM 
memory cell shown in Fig. 2. In Fig. 3, the gate insulating 
film 121 of the PMOS transistors Pll and P12 formed on the 
N-well region NW is made of a high permittivity material. 
The sectional view along line B-B 1 of the P-well region PW 
forming the NMOS transistors Nl to N4 is same as shown in 
Fig. 21, and its explanation is omitted herein. 

18 



As explained herein, according to the semiconductor 
memory device of the first embodiment, a high permittivity 
material is used as the gate insulating film only in the 
gate of the load transistors for forming the SRAM memory 
5 cell, by reducing the thickness of the gate insulating film, 
the capacity between the gate and substrate can be increased. 
Accordingly, the critical charge amount necessary for 
inverting the held data in the memory nodes NA and NB is 
increased, so that the resistance to soft errors can be 
10 enhanced. 

The semiconductor memory device of a second embodiment 
will now be explained. In the semiconductor memory device 
of the second embodiment, a high permittivity material is 
used as the gate insulating film in both load transistors 
15 and drive transistors for composing the SRAM memory cell. 

Fig. 4 is an equivalent circuit diagram of the 
semiconductor memory device in the second embodiment. In 
Fig. 4, parts common to Fig. 1 are identified with same 
reference numerals and their explanation is omitted. In 
20 the equivalent circuit shown in Fig. 4 7 what differs from 
Fig. 1 is that the drive transistors of NMOS transistors 
Nl and N2 are replaced by NMOS transistors Nil and N12 of 
which gate insulating film is formed of a material of a higher 
dielectric constant than that of the NMOS transistors N3 
25 and N4 . The other circuit composition is same as in Fig. 



1, and the memory operation is same as in the prior art. 
The high permittivity material used in the gate insulating 
film of the NMOS transistors Nil and N12 is the same material 
as explained in the first embodiment. 
5 In addition to the load transistors of PMOS transistors 

Pll and P12, the drive transistors of NMOS transistors Nil 
and N12 are formed by using a high permittivity material 
for the gate insulating film, same as in the first embodiment, 
while maintaining the high speed, the capacity of the memory 

10 nodes NA and NB is increased and resistance to soft errors 
is enhanced. In particular, as compared with the case of 
using the high permittivity material in the gate insulating 
film of the load transistors of PMOS transistors Pll and 
P12 only, by the portion of using the high permittivity 

15 material also in the gate insulating film of the NMOS 
transistors Nil and N12, the critical charge amount of the 
memory nodes can be increased, so that the resistance to 
soft errors is higher than in the first embodiment. 

Fig. 5 is a layout diagram of SRAM memory cell 

20 corresponding to the equivalent circuit shown in Fig. 4. 
The layout diagram in Fig. 5 is similar to the layout diagram 
in Fig. 2 except that the gate insulating film of the NMOS 
transistors Nil and N12 is made of a high permittivity 
material. In particular, the high permittivity material 

25 is used in the lower layer area of the portion positioned 



within the N-well region NW and P-well region PW, of the 
composition of the polysilicon wiring layers PL110 and PL120 
in Fig. 5. 

To form the gate insulating film, first, an insulating 
film such as a conventional silicon oxide Si0 2 is formed 
in the entire surface of the P-well region PW and N-well 
region NW, and, masking a region E2 for forming PMOS 
transistors Pll and P12 and NMOS transistors Nil and N12, 
of the P-well region PW and N-well region NW, the insulating 
film formed on the region E2 is removed by etching. Then, 
the insulating film of high permittivity material is formed 
only in the region E2 again. The subsequent process is same 
as in the prior art. Moreover, the region for forming the 
insulating film of high permittivity material may be limited 
only in the region for forming the P+ diffusion regions FL100 
and FL110 and N+ diffusion regions FL200, FL210 and FL220. 

Fig. 6 is a sectional view along line B-B 1 of SRAM 
memory cell shown in Fig. 5. In Fig. 6, the gate insulating 
film 122 of the NMOS transistors Nil and N12 formed on. the 
P-well region PW is made of a high permittivity material. 
The sectional view along line A-A 1 of the P-well region PW 
forming the PMOS transistors Pll and P12 is. same as shown 
in Fig. 3, and its explanation is omitted herein. 

The gates of the NMOS transistors N3 and N4 functioning 
as access transistors are formed of insulating films by using 



a general dielectric material as explained in the first 
embodiment, and the capacity between the gate and substrate 
is suppressed low. 

As explained herein, according to the semiconductor 
5 memory device of the second embodiment, a high permittivity 
material is used as the gate insulating film in both load 
transistors and drive transistors-f or forming the SRAMmemory 
cell, without reducing the thickness of the gate insulating 
film, the capacity between the gate and substrate can be 

10 increased more than in the first embodiment. Accordingly, 
the critical charge amount necessary for inverting the held 
data in the memory nodes NA and NB is further increased, 
so that the resistance to soft errors can be much enhanced. 

A semiconductor memory device of a third embodiment 

15 is explained. It is a feature of the semiconductor memory 
device of the third embodiment that a high permittivity 
material is used in the interlayer film in the region for 
forming load transistors. 

The equivalent circuit diagram of the semiconductor 

20 memory device of the third embodiment is. same as in the prior 
art shown in Fig. 13, and its explanation is omitted. Fig. 
7 is a layout diagram of SRAM memory cell corresponding to 
the semiconductor memory device in the third embodiment. 
The layout diagram shown in Fig. 7 is same as the layout 

25 diagram in Fig. 19, except that the interlayer film portion 



E3 in the region of forming the PMOS transistors PI and P2 
is made of a high permittivity material. 

Specifically, in Fig. 7, as the insulating filmbetween 
metal wirings on the region of forming the PMOS transistors 
PI and P2, a material of a high dielectric constant is used 
in the interlayer film on the N-well region NW, and a material 
of a lower permittivity than that of the interlay film on 
the N-well region NW is used in the interlayer film on the 
P-well region PW. Moreover, the region for forming the 
interlayer film of high permittivity material may be limited 
to the region for forming the P+ diffusion region in the 
N-well region NW . 

Fig. 8 is a sectional view along line A-A 1 of SRAM 
memory cell layout shown in Fig. 7. As shown in Fig. 8, 
an interlayer film 130 is entirely covered with a material 
of high permittivity. As a result, it is effective to 
increase the coupling capacity due to the memory nodes NA 
and NB in the portion of forming the load transistors of 
PMOS transistors PI and P2 . 

On the other hand, since the dielectric constant is 
low in the interlayer film of the contact hole forming area 
on the N+ diffusion regions FL230 and FL240, the coupling 
capacity due to bit lines BL and BLB is not increased. The 
sectional view along line B-B 1 of the P-well region PW forming 
the NMOS transistors Nl to N4 is same as shown in Fig. 21, 



and the P-well region PW is covered with a material of a 
relatively low dielectric constant. 

Fig. 9 is a sectional view along line C-C of SRAM 
memory cell layout shown in Fig. 7. As shown in Fig. 9, 
5 the boundary portion of the N-well region NW and P-well region 
PW is the boundary of the interlayer film of low permittivity 
and that of high permittivity. 

As explained herein, according to the semiconductor 
memory device of the third embodiment, a high permittivity 
10 material is used only in the interlayer film in the region 
of forming the load transistors for composing the SRAMmemory 
cell, a high access speed is maintained by using an interlayer 
film of low permittivity material in the region of forming 
the access transistors, and the coupling capacity due to 
15 memory nodes NAandNB canbe increased, so that the resistance 
to soft errors can be enhanced. 

The semiconductor memory device of a fourth embodiment 
will now be explained. It is a feature of the semiconductor 
memory device of the fourth embodiment that a high 
20 permittivity material is used in the interlayer film in the 
region for forming both load transistors and drive 
transistors for forming the SRAM memory cell. 

The equivalent circuit diagram of the semiconductor 
memory device of the fourth embodiment is same as in the 
25 prior art shown in Fig. 13, and its explanation is omitted. 



Fig . 10 is a layout diagram of SRAM memory cell corresponding 
to the semiconductor memory device in the fourth embodiment . 
The layout diagram shown in Fig. 10 is same as the layout 
diagram in Fig. 19, except that a high permittivity material 
is used in each interlayer film portion E4 of the region 
for forming the PMOS transistors PI and P2 and the region 
for forming the NMOS transistors Nl and N2 . 

In addition to the region for forming the load 
transistors of PMOS transistors PI and P2, the region for 
forming the drive transistors of NMOS transistors Nl and 
N2 is formed by using a high permittivity material for the 
interlayer film, same as in the third embodiment, while 
maintaining the high speed, the capacity of the memory nodes 
NA and NB is increased and resistance to soft errors is 
enhanced. In particular, as compared with the case of using 
the high permittivity material in the interlayer film of 
the load transistors of PMOS transistors PI and P2 only, 
by the portion of using the high permittivity material also 
in the interlayer film of the NMOS transistors Nl and N2, 
the coupling capacity can be increased.. As a result, the 
critical charge amount of the memory nodes can be increased, 
so that the resistance to soft errors is higher than in the 
third embodiment. 

Fig. 11 is a sectional view along line A-A 1 of SRAM 
memory cell layout shown in Fig. 10. Fig. 12 is a sectional 



view along line B-B 1 of SRAM memory cell layout shown in 
Fig. 10. As shown in Fig. 11 and Fig. 12, each interlayer 
film 130 of the region of the load transistors PI and P2 
and the region of the drive transistors Nl and N2 is covered 
with a material of high permittivity, while the interlayer 
film of the N+ diffusion regions FL230 and FL240 having the 
contact holes with the bit lines BL and BLB is covered with 
a material of a lower dielectric constant than that of the 
interlayer film 130. As a result, the coupling capacity 
due to the bit lines BL and BLB is not increased, and only 
the coupling capacity due to the memory nodes NA and NB is 
increased. 

As explained herein, according to the semiconductor 
memory device of the fourth embodiment, a high permittivity 
material is used for forming only the interlayer films of 
both the region of load transistors and the region of drive 
transistors for forming the SRAM memory cell, a high access 
speed is maintained by using an interlayer film of low 
permittivity material in the region of forming the access 
transistors, and the coupling capacity -due to memory nodes 
NA and NB can be increased more than in the third embodiment, 
so that the resistance to soft errors can be enhanced. 

The semiconductor memory device of a fifth embodiment 
will now be explained. The semiconductor memory device of 
the fifth embodiment is similar to the equivalent circuit 



shown in Fig. 1, Fig. 4, and Fig. 18, except that a dummy 
MOS transistor not contributing to memory operation of the 
memory cell is provided, in which the gate of the dummy MOS 
transistor is connected the memory nodes NA and NB to increase 
the capacity of the memory nodes, and the gate insulating 
material of the dummy MOS transistor is formed of a material 
of high permittivity. 

A dummy MOS transistor is added to the configuration 
in Fig. 1 in which the gate insulating film of the PMOS 
transistors Pll and P12. contributing to memory operation 
of the memory cell is made of a material of high permittivity . 

Fig. 13 is an equivalent circuit diagram of the 
semiconductor memory device in the fifth embodiment. In 
Fig. 13, parts common to Fig. 1 are identified with same 
reference numerals and their explanation is omitted. The 
equivalent circuit in Fig. 13 further comprises , in addition 
to the configuration in Fig. 1, a PMOS transistor PDl of 
which gate is connected to the memory node NB and drain is 
connected to the memory node NA, and a PMOS transistor PD2 
of which gate is connected to the memory node NA and drain 
is connected to the memory node NB . 

These PMOS transistors PDl and PD2 do not contribute 
to memory operation, but add a gate capacity and a drain 
capacity to the memory nodes NA and NB, thereby increasing 
the critical charge amount of the memory nodes NA and NB 



and enhancing the resistance to soft errors. 

In particular, in the equivalent circuit diagram in 
Fig. 13, the gate insulating film of the dummy PMOS 
transistors PD1 and PD2 is made of a high permittivity 
5 material same as the gate insulating film of the PMOS 
transistors Pll and P12, and therefore the effects of the 
first embodiment are further enhanced. 

Fig. 14 is a layout diagram of SRAM memory cell 
corresponding to the equivalent circuit shown in Fig. 13. 

10 The layout diagram shown in Fig. 14 is same as the layout 
diagram shown in Fig. 2, except for the following points. 
That is, the PMOS transistor PDl shares the P+ diffusion 
region FL110 with the PMOS transistor Pll as the drain region, 
the PMOS transistor PD2 shares the P+ diffusion region FL120 

15 with the PMOS transistor P12 as the drain region, the gate 
region of the PMOS transistor PDl is formed of the common 
polysilicon wiring layer PL110 for forming the gate regions 
of the PMOS transistor Pll and NMOS transistor Nl, and the 
gate region of the PMOS transistor PD2 is formed of the common 

20 polysilicon wiring layer PL120 for forming the gate regions 
of the PMOS transistor P12 and NMOS transistor N2 . 

High permittivity material is used in the lower layer 
portion of the area positioned within the N-well region NW, 
of the composition of the polysilicon wiring layers PL110 

25 and PL120. The forming method of the gate insulating film 



of the PMOS transistors PD1 and PD2 is same as the forming 
method of the gate insulating film of the PMOS transistors 
Pll and P12 explained in the first embodiment, and its 
explanation is omitted herein. 

Fig. 15 is a sectional view along line A-A 1 of SRAM 
memory cell layout shown in Fig. 14. In Fig. 15, the gate 
insulating film 123 of the dummy PMOS transistors PD1 and 
PD2 formed on the N-well region NW is formed of the same 
high permittivity material as the gate insulating film 121 
of the PMOS transistors Pll and P12 . The sectional view 
along line B-B 1 of the P-well region PW forming the NMOS 
transistors Nl to N4 is same as shown in Fig. 21, and its 
explanation is omitted herein. 

As explained herein, according to the semiconductor 
memory device of the fifth embodiment, a high permittivity 
material is used for forming the gate insulating films not 
only in the load transistors for composing the SRAM memory 
cell, but also in the dummy PMOS transistors PD1 and PD2 
of which gate is connected to the memory nodes NA and NB 
for increasing the capacity of the memory nodes NA and NB, 
and therefore the capacity between the gate and substrate 
can be further increased. Therefore, the critical charge 
amount for inverting the held data in the memory nodes NA 
and NB is further increased, so that the resistance to soft 
errors can be enhanced. 



In this example, the dummy MOS transistors connected 
to the memory nodes NA and NB are PMOS transistors PD1 and 
PD2, but one of them may be used, or NMOS transistors may 
be used instead of PMOS transistors. 

The semiconductor memory device of a sixth embodiment 
will now be explained. In the semiconductor memory device 
of the sixth embodiment, a high permittivity material is 
used as the gate insulating film in all of load transistors 
and drive transistors for composing 2-port SRAM memory cell . 

Fig. 16 is an equivalent circuit diagram of the 
semiconductor memory device in the sixth embodiment, showing 
an equivalent circuit of 2-port SRAM memory cell. In Fig. 
16, PMOS transistor Pll and NMOS transistor Nil (or N15) 
compose a first CMOS inverter, and PMOS transistor P12 and 
NMOS transistor N12 (orN16) compose a second CMOS transistor , 
and input and output terminals are complementarily connected 
between these CMOS inverters. 

That is, by these MOS transistors Pll, P12, Nil, N12, 
N15, and N16, a flip-flop circuit is composed, and data can 
be written and read, in Fig. 16, at the memory node NA which 
is the output point of the first CMOS inverter and input 
point of the second CMOS inverter, and the memory node NB 
which is the output point of the second CMOS inverter and 
input point of the first CMOS inverter. 

The NMOS transistors N3, N4, N7 and N8 function as 



access gates, and the NMOS transistor N3 has its gate 
connected to the first word line WL1, its source connected 
to the memory node NA, and its drain connected to the first 
positive phase bit line BL1 . The NMOS transistor N7 has 
its gate connected to the second word line WL2, its source 
connected to the memory node NA, and its drain connected 
to the second positive phase bit line BL2 . 

The NMOS transistor N4 has its gate connected to the 
first word line WL1, its source connected to the memory node 
NB, and its drain connected to the first negative phase bit 
line BLB1. The NMOS transistor N8 has its gate connected 
to the second word line WL2, its source connected to the 
memory node NB, and its drain connected to the second negative 
phase bit line BLB2 . 

That is, by selecting the first word line WL1, first 
positive phase bit line BL1 and first negative phase bit 
line BLB1, the held data can be read out by the first port, 
and by selecting the second word line WL2, second positive 
phase bit line BL2 and second negative phase bit line BLB2 , 
the held data can be read out by the second port. 

The equivalent circuit shown in Fig. 16 itself is not 
different at all from the conventional 2-port SRAM memory 
cell, but the semiconductor memory device of the sixth 
embodiment differs only in that each gate insulating film 
of the PMOS transistors PI 1 and P12, and NMOS transistors 



Nil, N12, N15 and N16 for composing one 2-port SRAM memory 
cell is made of the high permittivity material as explained 
in the first embodiment. 

Fig. 17 is a layout diagram of 2-port SRAM memory cell 
5 for composing the semiconductor memory device in the sixth 
embodiment. As shown in Fig. 17, one 2-port SRAM memory 
cell is formed on the N-type well region NW and P-type well 
region PW formed on a semiconductor substrate. The PMOS 
transistors Pll and P12 shown in the equivalent circuit in 

10 Fig. 16 are formed in the same N-well region NW, and the 
NMOS "transistors N3, N4, N7 , N8, Nil, N12, N15 and N16 are 
formed in the same P-well region PW. 

In the layout diagram in Fig. 17, in the P-well region 
PW shown in Fig. 5 , N+ diffusion regions FL300, FL310, FL320, 

15 FL330 and FL340 are further formed, and using these N+ 
diffusion regions as source region or drain region, the NMOS 
transistors N7, N8, N15 and N16 are formed, but this is same 
as an example of layout of the conventional 2-port SRAMmemory 
cell, and the explanation of the detail is omitted. 

20 Hence, in Fig. 17, too, the high permittivity material 

is used only in the lower layer portion in the area positioned 
within the N-well region NW and P-well region PW, of the 
composition of the polys ili con wiring layers PL110 and PL12 0 . 
The forming method of the gate insulating film is same as 

25 explained in the second embodiment, and its explanation is 



omitted herein. In Fig. 17, the insulating film of high 
permittivity material is formed in the portion of region 
E5 . 

As explained herein, according to the semiconductor 
5 memory device of the sixth embodiment, also in the 2-port 
SRAM memory cell composed by using load transistors having 
the gate connected to the memory nodes NA and NB of the SRAM 
memory cell, in all of the load transistors and drive 
transistors, by using the high permittivity material as the 

10 gate insulating film, the same effects as in the second 
embodiment are obtained. 

According to the invention, as explained above, by 
using a material of a high dielectric constant in the gate 
insulating f ilmof load transistors contributing to capacity 

15 of memory nodes, the capacity of the memory nodes can be 
increased and the critical charge amount is increased, so 
that the resistance to soft errors can be enhanced. 

Furthermore, by using a material of a high dielectric 
constant in the gate insulating film of drive transistors 

20 contributing to capacity of memory nodes, in addition to 
the gate insulating film of load transistors contributing 
to capacity of memory nodes, the capacity of the memory nodes 
can be increased and the critical charge amount is further 
increased, so that the resistance to soft errors can be 

25 enhanced. 



Moreover, in the layout of electrically connecting 
the gates of the load transistors and the gates of the drive 
transistors through a common electrode wiring layer, the 
same effects as above can be obtained. 
5 Furthermore, in the memory cell configuration by 

connecting the gates of dummy MOS transistors to the memory 
nodes, the same effects as above can be obtained. 

Moreover, in the memory cell configuration by 
connecting the gates of dummy MOS transistors to the memory 

10 nodes, in the layout of electrically connecting the gates 
of the dummy MOS transistors through a common electrode 
wiring layer common to the gates of the load transistors 
and the gates of the drive transistors, the same effects 
as above can be obtained. 

15 Furthermore, by setting the dielectric constant of 

the interlayer film in the region forming the memory nodes 
different from the dielectric constant of the interlayer 
film of other regions, the coupling capacity between the 
memory nodes is changed, and the resistance to soft errors 

20 can be controlled. 

Moreover, by setting the dielectric constant of the 
interlayer film in the region forming the memory nodes larger 
than the dielectric constant of the interlayer film of other 
regions, the coupling capacity between the memory nodes is 

25 increased, and the resistance to soft errors can be enhanced. 



Furthermore, since a material of a high dielectric 
constant is used only in the interlayer film on the N-well 
region for forming the transistor elements out of the region 
for forming the memory nodes, the use of the relatively 
5 expensive high permittivity material is limited to a minimum 
area . 

Moreover, since a material of a high dielectric 
constant is used only in the interlayer film on the P-well 
region for forming the transistor elements out of the region 
10 for forming the memory nodes, the use of the relatively 
expensive high permittivity material is limited to a minimum 
area . 

In addition, since a material of a high dielectric 
constant is used only in the interlayer film disposed in 
15 the section from the top of the region for forming the 
transistor elements to the metal wiring layer out of the 
region for forming the memory nodes , the use of the relatively 
expensive high permittivity material is limited to a minimum 
area. 

20 Although the invention has been described with respect 

to a specific embodiment for a complete and clear disclosure, 
the appended claims are not to be thus limited but are to 
be construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 

25 fairly fall within the basic teaching herein set forth. 



